hazardous waste is considered minimization: hazardous materials c o n t r o l ; material s u b s t i t u t i o n ; p r o c e s s change; r e c y c l i n g ; t r e a t m e n t , i n c l u d i n g thermal d e s t r u c t i o n .
INTRODUCTION The Hazardous and S o l i d Waste Amendments (HSWA) of 1984 have made i t more d i f f i c u l t and expensive t o d i s p o s e of hazardous wastes. Some wastes are o r w i l l be banned from land d i s p o s a l e n t i r e l y (e.g., l i q u i d w a s t e s ) while o t h e r d i s p o s a l p r a c t i c e s w i l l be s e v e r e l y r e s t r i c t e d . I n a d d i t i o n , g e n e r a t o r s are r e q u i r e d t o c e r t i f y t h a t t h e y have i n s t i t u t e d a waste minimization program.
The f i n a n c i a l and l e g a l i n c e n t i v e s t o reduce o r e n t i r e l y e l i m i n a t e t h e generation of hazardous wastes a r e becoming more a t t r a c t i v e .
DEPARTMENT OF DEFENSE WASTE MINIMIZATION POLICY Waste minimization i s e s s e n t i a l t o reduce t h e s e r i o u s l i a b i l i t i e s a s s o c i a t e d
with the g e n e r a t i o n and subsequent h a n d l i n g and d i s p o s a l of hazardous waste. DoD p o l i c y i s t o l i m i t t h e generation of hazardous waste and t o r e c y c l e r e s o u r c e s where p r a c t i c a l .
Current l a w n e i t h e r i n c l u d e s n o r r e q u i r e s a p r e c i s e d e f i n i t i o n . EPA's "working d e f i n i t i o n " of hazardous waste minimization i n c l u d e s anything t h a t l e s s e n s t h e l o a d on t r e a t m e n t , s t o r a g e , and d i s p o s a l f a c i l i t i e s by reducing t h e q u a n t i t y o r t o x i c i t y of hazardous waste.
Within DoD, minimization i s any a c t i o n t h a t reduces t h e need f o r d i s p o s a l of hazardous waste. This can be accomplished by t h e following methods: o Hazardous m a t e r i a l c o n t r o l o M a t e r i a l s u b s t i t u t i o n o
Process change o Recycling o Treatment, including thermal d e s t r u c t i o n A l l DoD components a r e required t o prepare hazardous waste minimization plans. There are no a b s o l u t e quotas o r g o a l s f o r p e r c e n t reduction. However, a pragmatic goal is t o t r e a t @ h a z a r d o u s waste f o r volume o r t o x i c i t y reduction.
As a management o b j e c t i v e , a l l waste should be examined f o r t h i s g o a l by 1992. The Used Solvent Elimination (USE) Program, started i n 1984, is an e s s e n t i a l element of t h e DoD hazardous waste minimization program.
f o r t h e major DoD i n d u s t r i a l f a c i l i t i e s r e l a t e d t o equipment and m a t e r i a l s , have taken t h e l e a d i n developing minimization programs f o r t h e i r commands. programs r e q u i r e t h a t they:
The Develop r e d u c t i o n g o a l s and monitor progress.
programs.
SOURCES OF HAZARDOUS WASTE GENERATION
The m i l i t a r y s e r v i c e s o p e r a t e over 100 i n d u s t r i a l f a c i l i t i e s t o r e p a i r and r e c o n d i t i o n a wide v a r i e t y of m i l i t a r y equipment, i n c l u d i n g a i r c r a f t , h e l i c o p t e r s , s h i p s , wheeled and tracked v e h i c l e s , and o t h e r weapon systems and equipment. Common o p e r a t i o n s performed a t many of t h e s e i n d u s t r i a l f a c i l i t i e s i n c l u d e p a i n t s t r i p p i n g , s o l v e n t c l e a n i n g , metal p l a t i n g , and p a i n t i n g . Waste s o l v e n t s and t o x i c metal wastes from t h e s e metal f i n i s h i n g o p e r a t i o n s a t t h e i n d u s t r i a l f a c i l i t i e s a r e t h e p r i n c i p a l sources of hazardous wastes produced by t h e Department of Defense.
CASE EXAMPLES OF WASTE REDUCTION EFFORTS
The m i l i t a r y s e r v i c e s have f o r y e a r s made e f f o r t s t o reduce waste as p a r t of t h e i r o v e r a l l waste management programs. i n s t i t u t e d , and innovative technologies have been developed by t h e s e r v i c e s as part of t h e i r o v e r a l l waste management programs.
The Environmental P o l i c y D i r e c t o r a t e of t h e Department of Defense i n v e s t i g a t e d t h e e f f o r t s of i n d i v i d u a l s e r v i c e s and f a c i l i t i e s t o determine how s u c c e s s f u l t h e s e e f f o r t s had been, t o determine which technologies had been s u c c e s s f u l , t o encourage technology t r a n s f e r of t h e s e P r o j e c t s of Excellence, and t o develop p o l i c y changes t o i d e n t i f y and encourage t h e adoption of c o s t -e f f e c t i v e methods f o r hazardous waste r e d u c t i o n by t h e i n d i v i d u a l s e r v i c e s and i n s t a l l a t i o n s . Some examples of s u c c e s s f u l hazardous waste minimization p r o j e c t s follow. Many i n d i v i d u a l e f f o r t s have been P a i n t S t r i p p i n g P a i n t s t r i p p i n g is widely p r a c t i c e d i n t h e p r e p a r a t i o n of equipment and components f o r r e c o n d i t i o n i n g and r e c o a t i n g . I n a t y p i c a l p a i n t s t r i p p i n g t h e production of l a r g e q u a n t i t i e s of wastewater contaminated w i t h t o x i c metals, methylene c h l o r i d e , and phenols. chromium r e d u c t i o n and metal hydroxide p r e c i p i t a t i o n . c h l o r i d e and phenol u s u a l l y i n v o l v e s a i r s t r i p p i n g and a c t i v a t e d carbon a d s o r p t i o n . a r e t y p i c a l l y hazardous due t o t h e presence of metal pigments and/or t o x i c o r g a n i c s .
and m i l i t a r y i n d u s t r i a l f a c i l i t i e s . s t r i p p i n g , f l a s h lamp s t r i p p i n g , C 0 2 p e l l e t b l a s t i n g , and cryogenics. promising of t h e s e techniques is p l a s t i c media b l a s t i n g (PMB) p a i n t removal, developed by t e c h n i c i a n s i n t h e Ogden A i r L o g i s t i c s Center at H i l l A i r Force Base A f t e r t h e p a i n t s o f t e n s , t h e r e s u l t i n g solvent-paint mixture is scraped
The s o l v e n t -p a i n t mixture is u s u a l l y washed away w i t h w a t e r , r e s u l t i n g i n Treatment t o remove metals i n c l u d e hexavalent Removal of t h e methylene Sludges and r e s i d u e s from t h e treatment of p a i n t s t r i p p i n g wastes S e v e r a l a l t e r n a t i v e p a i n t s t r i p p i n g p r o c e s s e s have been s t u d i e d a t p r i v a t e Among t h e s e are d r y media b l a s t i n g , laser The most l o c a t e d n e a r Ogden, Utah.
r u s t from metal s u r f a c e s . However, t h e s e a g g r e s s i v e media can damage s o f t o r d e l i c a t e m e t a l s u r f a c e s , i n a d d i t i o n t o producing a s i l i c a t e d u s t , which can cause s i l i c o s i s , a r e s p i r a t o r y a i l m e n t . S o f t e r v e g e t a b l e media, such as walnut s e l l s and rice h u l l s , have been s u c c e s s f u l l y used i n b l a s t i n g . However, t h e y degrade r a p i d l y , producing voluminous q u a n t i t i e s of d u s t , r e s u l t i n g i n explosion and h e a l t h hazards, and c o n t r i b u t e t o t h e g e n e r a t i o n of l a r g e q u a n t i t i e s of hazardous waste.
t h e p a i n t e d s u r f a c e , r e s u l t i n g i n h i g h l o c a l stresses t h a t d i s l o d g e t h e p a i n t . The p l a s t i c media i s h a r d e r t h a n t h e p a i n t b u t s o f t e r than t h e underlying s u b s t r a t e . S i n c e t h e p a r t i c l e s are p l a s t i c , t h e y deform and r e t u r n t o t h e i r o r i g i n a l shape, r a t h e r t h a n s h a t t e r on impact, t h e way t h a t sand o r v e g e t a b l e media do. By c a r e f u l l y c o n t r o l l i n g t h e s i z e of t h e beads and t h e c o n d i t i o n s of
Conventional sand and g l a s s bead b l a s t i n g have been used t o remove p a i n t and I n PMB p a i n t s t r i p p i n g , small a n g u l a r p l a s t i c p a r t i c l e s a r e a i r b l a s t e d a t t h e p r o c e s s , t h e p l a s t i c media can be s e p a r a t e d from t h e loosened p a i n t p a r t i c l e s .
'
Generation of wet hazardous waste ( s o l v e n t s and p a i n t s l u d g e i n w a t e r ) is e l i m i n a t e d . A s m a l l volume of d r y waste i s produced, c o n s i s t i n g of decomposed p l a s t i c media and p a i n t chips. Some samples of t h i s d r y waste have t e s t e d o u t a s hazardous due t o t h e s t r i p p i n g of chromate primers and i n c i d e n t a l removal of cadmium from p l a t e d p a r t s . m i l i t a r y f a c i l i t y i n t h e development and t e s t i n g of p l a s t i c media b l a s t i n g technology. A f u l l -s c a l e PME p a i n t s t r i p p i n g booth w a s c o n s t r u c t e d a t H i l l AFB.
I n r e c o g n i t i o n of t h i s , t h e PMB f a c i l i t y a t H i l l AFB was awarded t h e d i s t i n c t i o n of being a P r o j e c t of Excellence f o r Hazardous Waste Reduction by t h e Department of Defense, and workshops were h e l d a t t h e f a c i l i t y t o encourage t h e adoption of t h i s technology a t o t h e r f a c i l i t i e s .
A s much as 95% of t h e p l a s t i c media can be recovered and reused.
The Ogden A i r L o g i s t i c s C e n t e r a t H i l l A i r Force Base, Utah, h a s been a lead
The workshops served as a sounding board, b r i n g i n g o u t i s s u e s l e f t t o be r e s o l v e d , i n c l u d i n g d u s t g e n e r a t i o n , worker exposure t o metal-contaminated d u s t s , and p o t e n t i a l damage t o d e l i c a t e a i r c r a f t components. F u r t h e r s t u d i e s of t h e PMB p r o c e s s a r e being performed, and t h e g e n e r a l consensus is t h a t t h e problems w i t h t h e p r o c e s s a r e s o l v a b l e .
of production personnel, t h e technology is r a p i d l y being t e s t e d and adopted a t o t h e r m i l i t a r y and p r i v a t e i n d u s t r i a l f a c i l i t i e s .
determine t h e a p p l i c a b i l i t y of PMB p a i n t s t r i p p i n g technologies. Army Depots (7), a Marine Corps L o g i s t i c s Base, Naval A i r Rework F a c i l i t i e s (NARF) ( 5 ) , Navy Shipyards ( 2 ) , Naval Ordnance (1) and Weapons C e n t e r s (21, a Naval A i r S t a t i o n , A i r Force L o g i s t i c s C e n t e r s ( 6 ) , and a T a c t i c a l A i r Command A i r Force Base.
P a r t l y because of t h e workshops, b u t a l s o because of t h e informal networking
A s p a r t of t h i s p r o j e c t , 26 i n d u s t r i a l i n s t a l l a t i o n s were surveyed t o These included
The g e n e r a l consensus was t h a t PMB p a i n t s t r i p p i n g had some a p p l i c a t i o n a t v i r t u a l l y a l l of t h e i n s t a l l a t i o n s surveyed. were c u r r e n t l y performing PMB p a i n t s t r i p p i n g and have p l a n s t o expand t h e i r c a p a b i l i t i e s o r have p o t e n t i a l a d d i t i o n a l a p p l i c a t i o n s . An a d d i t i o n a l seven i n s t a l l a t i o n s had p l a n s t o add PMB p a i n t s t r i p p i n g f a c i l i t i e s .
Pensacola NARF has been designated by t h e Navy t o be t h e lead base f o r t h e development of t h e PMB p a i n t s t r i p p i n g f o r t h e Navy. Pensacola h a s s u c c e s s f u l l y s t r i p p e d p a i n t from a i r c r a f t and h e l i c o p t e r p a r t s u s i n g enclosed glove boxes anC open b l a s t i n g i n rooms. b l a s t c a b i n e t s . I f t e s t i n g proves s a t i s f a c t o r y , Pensacola p l a n s t o convert a w e t s t r i p p i n g hangar t o accommodate d r y media s t r i p p i n g of whole a i r c r a f t .
Alameda NARF h a s been s u c c e s s f u l l y p a i n t s t r i p p i n g a i r c r a f t and missile components i n a walk-in b l a s t booth converted from walnut s h e l l b l a s t i n g t o PMB. Alameda is c u r r e n t l y c o n s t r u c t i n g a PMB hangar w i t h a 120-foot by 120-foot by 50-foot i n t e r i o r c l e a r space and capable of h o l d i n g t h e P3 Orion a i r c r a f t .
f o r h e l i c o p t e r s f o r t h e Army. Corpus C h r i s t i h a s been o p e r a t i n g PMB paint s t r i p p i n g f a c i l i t i e s i n converted o f f i c e s a t t h e depot i n which they have performed p r o t o t y p e t e s t i n g , developed methodology, and conducted some p r o d u c t i o n p a i n t s t r i p p i n g . a r e i n t h e p r o c e s s of purchasing a b l a s t booth t o accommodate p a i n t s t r i p p i n g of whole h e l i c o p t e r s .
F i v e of t h e surveyed i n s t a l l a t i o n s
Recycle of S o l v e n t s from Cleaning and P a i n t i n g S o l v e n t s a r e used a t v i r t u a l l y every i n d u s t r i a l f a c i l i t y . Metal s u r f a c e s a r e o f t e n cleaned w i t h s o l v e n t s t o remove accumulated d i r t , o i l s , g r e a s e s , and c o r r o s i o n products. T r i c h l o r o e t h y l e n e , t r i c h l o r o e t h a n e , and perchloroethylene a r e used i n vapor d e g r e a s e r s , and m i n e r a l s p i r i t s such a s Stoddard s o l v e n t and V a r s o l a r e used i n c o l d c l e a n i n g b a t h s . Alcohols and Freon are commonly used f o r metal p r e p a r a t i o n and p r e c i s i o n c l e a n i n g of e l e c t r o n i c s equipment. V o l a t i l e s o l v e n t s such as t o l u e n e a r e commonly used t o t h i n solvent-based p a i n t s , and o t h e r s o l v e n t s such as methyl e t h y l ketone (MEK) and x y l e n e a r e used t o c l e a n up p a i n t i n g equipment a f t e r use. T h i s c o s t i s expected t o i n c r e a s e s u b s t a n t i a l l y due t o adoption of amendments t o RGRA banning t h e land d i s p o s a l of l i q u i d hazardous wastes. When waste s o l v e n t s a r e disposed o f , f r e s h s o l v e n t s must be purchased. Recycling of waste s o l v e n t s can r e s u l t i n a s a v i n g s of hundreds of d o l l a r s p e r drum, due t o t h e e l i m i n a t i o n of t h e c o s t s and l i a b i l i t i e s of waste d i s p o s a l and of v i r g i n material.
There is g r e a t p o t e n t i a l t o reduce t h e q u a n t i t i e s of s o l v e n t s and r e l a t e d by-products generated a t DoD i n d u s t r i a l f a c i l i t i e s . It h a s been estimated t h a t DoD purchases and d i s p o s e s of approximately 50,000 drums of c l e a n i n g s o l v e n t each y e a r . b a t c h d i s t i l l a t i o n . a h e a t s o u r c e , and a condenser. The waste o r g a n i c mixture i s loaded i n t o t h e s t i l l p o t ; h e a t i s a p p l i e d t o t h e c o n t e n t s , causing t h e mixture t o b o i l ; o r g a n i c vapors s e p a r a t e from t h e waste m i x t u r e and p a s s overhead t o the condenser. Cleaned o r g a n i c f l u i d is t h e n c o l l e c t e d f o r r e u s e , and s t i l l bottoms a r e disposed as hazardous waste. An atmospheric s t i l l can r e c l a i m o r g a n i c s o l v e n t s t h a t have b o i l i n g p o i n t s less than 325'F.
By adding vacuum, a d i s t i l l a t i o n u n i t can b e used t o r e c o v e r o r g a n i c f l u i d s which have atmospheric b o i l i n g p o i n t s up t o 500'F w h i l e m a i n t a i n i n g a 300'F l i m i t i n t h e s t i l l ' s pot. cannot s e g r e g a t e components of similar b o i l i n g p o i n t s , it i s imperative t h a t s o l v e n t wastes planned f o r r e c y c l e a r e segregated.
Waste s o l v e n t s can e i t h e r be c o l l e c t e d and t r a n s p o r t e d t o a c e n t r a l i z e d d i s t i l l a t i o n f a c i l i t y f o r recovery o r can be r e c y c l e d a t t h e p o i n t of use. DoD f a c i l i t i e s have been s u c c e s s f u l w i t h b o t h approaches. D i s p o s a l c o s t s f o r waste s o l v e n t s can exceed a $100 p e r drum. S o l v e n t s and o t h e r o r g a n i c f l u i d s a r e most f r e q u e n t l y reclaimed by simple Batch d i s t i l l a t i o n systems t y p i c a l l y c o n s i s t of a s t i l l p o t , S i n c e t h e s e simple s t i l l s ne a p p l i c a t i o n a t tyed i n s t a l l a t i o n s 1 expand t h e i r l i t i o n a l seven
ead base f o r t h e has s u c c e s s f u l l y d glove boxes an? a s t booths and s t o convert a wet r c r a f t . t and missile b l a s t i n g t o PMB. >y 120-foot by 1 a i r c r a f t . IB p a i n t s t r i p p i n g : PMB p a i n t they have sd some production rch program and i n t s t r i p p i n g of detal s u r f a c e s , g r e a s e s , and :hloroethylene :d s o l v e n t and :ommonly used f o r .. V o l a t i l e p a i n t s , and sed t o c l e a n up .
T h i s c o s t is t o RCRA banning s a r e disposed s can r e s u l t i n of t h e c o s t s 3 and r e l a t e d 2s t imated t h a t ing s o l v e n t each led by s i m p l e of a s t i l l p o t , e d i n t o t h e b o i l ; organic
ndenser .
ms a r e disposed e n t s t h a t have u n i t can be ts up t o 500'F i m p l e s t i l l s a t i v e t h a t s n t r a l ized of use. DoD
The main advantage of o p e r a t i n g a l a r g e c e n t r a l i z e d f a c i l i t y is t h a t c a p i t a l A c e n t r a l i z e d , f a c i l i t y can be recovered q u i c k l y due t o economies of s c a l e . can r e d i s t i l l l a r g e q u a n t i t i e s of v a r i o u s types of s o l v e n t s . Since many d i f f e r e n t types of s o l v e n t s are recycled, g r e a t c a r e must be taken w i t h waste segregation and sample a n a l y s i s . is t h a t s o l v e n t s must be t r a n s p o r t e d t o and from t h e p o i n t of use.
Localized f a c i l i t i e s are sometimes p r e f e r a b l e because t h e waste g e n e r a t o r has t o t a l c o n t r o l over t h e r e c y c l i n g operation. Since o n l y a few t y p e s of solvents a r e being r e d i s t i l l e d a t t h e small f a c i l i t i e s , l a b o r a t o r y a n a l y s e s of waste s o l v e n t s a r e o f t e n n o t r e q u i r e d . Labor i n t e n s i v e t r a n s p o r t a t i o n and s e g r e g a t i o n a c t i v i t i e s a r e a l s o eliminated.
and supervise o p e r a t i o n of t h e system and an e n t h u s i a s t i c s t a f f dedicated s o l e l y t o s o l v e n t c o l l e c t i o n , a n a l y s i s , r e c y c l i n g , and d i s t r i b u t i o n . Decentralized f a c i l i t i e s r e q u i r e t h e conversion of more personnel (foreman and o p e r a t o r s ) t o adopt s o l v e n t recovery as p a r t of t h e i r r o u t i n e .
Warner Robins A i r Force Base, l o c a t e d i n Macon, Georgia, has operated a c e n t r a l i z e d batch, atmospheric s t i l l s i n c e August of 1982. The o r g a n i c f l u i d recovery system c o n s i s t s of a s i n g l e -s t a g e batch s t i l l , a water s e p a r a t o r , and an e l e c t r i c a l l y powered steam g e n e r a t o r . The s t i l l , which can o p e r a t e up t o a temperature of 300'F i n a p o t and can r e c l a i m organic f l u i d s a t a r a t e of 55 g a l l o n s per hour, is used t o r e c l a i m t r i c h l o r o e t h a n e , Freon-113, and isopropanol, with recovery rates of 70-99%. 
Robins A i r Force Base h a s been a b l e t o s u c c e s s f u l l y r e c y c l e s o l v e n t s i n a l a r g e -s c a l e o p e r a t i o n because of c a r e f u l waste s e g r e g a t i o n , s t o r a g e , and t r a n s p o r t a t i o n . S i t e managers are r e s p o n s i b l e f o r s e g r e g a t i o n and l a b e l i n g of waste drums a t 30 d i f f e r e n t c o l l e c t i o n a r e a s . Before s o l v e n t s a r e reclaimed, samples a r e analyzed t o confirm t h e l a b e l i n g . Samples a r e a l s o analyzed a f t e r d i s t i l l a t i o n t o ensure t h a t t h e y meet a p p r o p r i a t e s p e c i f i c a t i o n s .
s t r o n g commitment from management t o reduce t h e q u a n t i t i e s of waste s o l v e n t s t h a t must be disposed o f . More importantly, production personnel have cooperated w i t h t h e r e c y c l i n g team s o t h a t w a s t e s o l v e n t s can be s e g r e g a t e d , l a b e l e d , analyzed, t r a n s p o r t e d , and r e d i s t i l l e d i n an o r d e r l y and s y s t e m a t i c fashion. Proven d i s t i l l a t i o n equipment w a s a v a i l a b l e and w a s r e l a t i v e l y e a s y t o o p e r a t e and maintain.
Norfolk Naval Shipyard i n Norfolk, V i r g i n i a . The p a i n t shop foreman i n s t a l l e d a $10,000 n o n -f r a c t i o n a t i n g batch s t i l l t o recover waste s o l v e n t s generated i n t h e p a i n t shop during c l e a n i n g o p e r a t i o n s . This small s t i l l , which has a c a p a c i t y of 2 g a l l o n s p e r hour, is used t o recover methyl i s o b u t y l ketone, methyl e t h y l ketone, epoxy t h i n n e r s , and m i n e r a l s p i r i t s
. Operators have t h e option t o o p e r a t e t h e s t i l l w i t h o r w i t h o u t a vacuum system, depending upon t h e v o l a t i l i t y o f t h e s o l v e n t t o be recovered. runs without o p e r a t o r a t t e n t i o n .
c o s t of about 15c per g a l l o n .
There is a p o t e n t i a l f o r s i g n i f i c a n t a d d i t i o n a l s o l v e n t recovery a t DoD i n d u s t r i a l f a c i l i t i e s . P o t e n t i a l impediments include t h e manpower requirements needed t o run a c e n t r a l f a c i l i t y and concerns over meeting s p e c i f i c a t i o n s r e q u i r e d t o maintain production q u a l i t y .
Another disadvantage of c e n t r a l i z e d reclamation
A c e n t r a l i z e d f a c i l i t y i s dependent on a dedicated i n d i v i d u a l t o i n i t i a t e From t h e i n i t i a l s t a r t -u p through I t Solvent r e c y c l i n g h a s been s u c c e s s f u l a t Robins A i r Force Base because of a An example of s u c c e s s f u l d e c e n t r a l i z e d s o l v e n t r e c y c l i n g i s t h e program a t A f t e r a 15-minute s t a r t -u p period, t h e s t i l l Over 80% of waste s o l v e n t is recovered a t a Metal P l a t i n g P l a t i n g i s defined as t h e d e p o s i t i o n of a t h i n l a y e r of metal on t h e s u r f a c e o f a base metal f o r t h e purpose of changing i t s p r o p e r t i e s . These modifications may be t o improve t h e appearance ( d e c o r a t i v e p l a t i n g ) . t o i n c r e a s e r e s i s t a n c e t o c o r r o s i o n , o r t o improve engineering p r o p e r t i e s (hardness, w e a r a b i l i t y , s o l d e r a b i l i t y , o r f r i c t i o n a l c h a r a c t e r i s t i c s ) of t h e base metal.
Chromium is used t o r e b u i l d worn p a r t s o r provide c o r r o s i o n r e s i s t a n c e . i s used t o provide c o r r o s i o n p r o t e c t i o n , improve wear o r e r o s i o n r e s i s t a n c e , o r reduce f r i c t i o n . f a c i l i t i e s a r e r i n s e w a t e r contaminated by drag-out from v a r i o u s c l e a n i n g and p l a t i n g b a t h s , cleanup of s p i l l s , d i s p o s a l of a c i d and a l k a l i n e c l e a n e r s , and o c c a s i o n a l p l a t i n g b a t h dumps. These w a s t e s a r e u s u a l l y t r e a t e d i n an i n d u s t r i a l treatment f a c i l i t y by hydroxide p r e c i p i t a t i o n , producing a sludge t h a t is a l i s t e d hazardous waste.
The most common process modifications t h a t have been implemented a t DoD p l a t i n g shops t o reduce generation of hazardous wastes are reduction of drag-out from processing baths, r e d u c t i o n of r i n s e w a t e r flows, improved r i n s i n g e f f i c i e n c i e s , recovery of metals from r i n s e w a t e r s , and m a t e r i a l s u b s t i t u t i o n s .
The Naval C i v i l Engineering Laboratory (NCEL), P o r t Hueneme, C a l i f o r n i a , implemented s e v e r a l process changes on a chrome p l a t i n g l i n e a t Pensacola Naval A i r Rework F a c i l i t y , F l o r i d a . These p r o c e s s changes included i n s t a l l a t i o n of a r e c i r c u l a t i n g s p r a y r i n s e f o r removal of drag-out from p l a t e d p a r t s . Clean r i n s e w a t e r is a v a i l a b l e from a hand s p r a y e r f o r f i n a l r i n s e over t h e r e c i r c u l a t i n g s p r a y r i n s e tank. Following i n s t a l l a t i o n of t h e s p r a y r i n s e , r i n s e w a t e r usage dropped from 350,000 g a l l o n s p e r month t o 1,200 g a l l o n s p e r month.
i n c r e a s e d , r e s u l t i n g i n increased e v a p o r a t i o n from t h e p l a t i n g tank. r e s u l t e d i n t h e evaporation r a t e from t h e p l a t i n g b a t h exceeding t h e r i n s e w a t e r r a t e , r i n s e w a t e r was r e t u r n e d t o t h e p l a t i n g b a t h , recovering t h e chromium and e l i m i n a t i n g t h e d i s c h a r g e of waste. p l a t i n g have r e s u l t e d i n increased p l a t i n g rates and a reduction i n t h e number of p l a t i n g b a t h s r e q u i r e d .
i n t h e p l a t i n g b a t h , an e l e c t r o l y t i c bath p u r i f i c a t i o n system was i n s t a l l e d t o continuously remove contaminating c a t i o n s from t h e b a t h and t o convert t r i v a l e n t chromium back t o i t s hexavalent form. treatment c o s t s of about $25,000 per year. been e l i m i n a t e d , r e s u l t i n g i n a s i g n i f i c a n t r e d u c t i o n i n hazardous waste g e n e r a t i o n .
The ''zero discharge" p l a t i n g p r o c e s s a t Pensacola w a s designated as a P r o j e c t of Excellence f o r Hazardous Waste Reduction by t h e Department of Defense, w i t h technology t r a n s f e r workshops h e l d a t t h e f a c i l i t y similar t o t h o s e f o r PMB p a i n t s t r i p p i n g a t H i l l A i r Force Base.
A s p a r t of t h i s p r o j e c t , 22 i n d u s t r i a l i n s t a l l a t i o n s were surveyed t o determine t h e a p p l i c a b i l i t y of "zero discharge" chrome p l a t i n g technologies. These included Army Depots ( 5 ) , a Marine Corps L o g i s t i c s Base, Naval A i r Rework F a c i l i t i e s (51, Navy Shipyards (7), a Naval Ordnance Center, and A i r Force L o g i s t i c s C e n t e r s (3). f a c i l i t i e s where a l a r g e number of small, r e l a t i v e l y similar p a r t s are r e b u i l t through hard chrome p l a t i n g and machining. f a c i l i t i e s t h a t p l a t e l a r g e , h i g h l y v a r i a b l e p a r t s . planning t o implement i t . Three of t h e s h i p y a r d s had implemented t h e process but d i d n o t f i n d i t a s a p p l i c a b l e as t h e NARFs. because some of t h e process changes c o n f l i c t e d w i t h t h e i r s p e c i f i c a t i o n s . The Army depots had no p l a n s t o adopt t h e technology.
independently of Pensacola.
The p r i n c i p a l metals p l a t e d a t m i l i t a r y f a c i l i t i e s are chromium and cadmium. Cadmium
The major d i s c h a r g e s of hazardous waste from t y p i c a l metal p l a t i n g
I n a d d i t i o n t o t h e r i n s e m o d i f i c a t i o n s , t h e p l a t i n g temperature w a s S i n c e t h i s A d d i t i o n a l m o d i f i c a t i o n s t o r a c k i n g and
Since t h e recovery of drag-out could r e s u l t i n t h e buildup of contaminants Cherry P o i n t NARF developed a similar "zero discharge" p l a t i n g process Rinsing h a s been s i m p l i f i e d i n t h a t p a r t s a r e f i r s t se r e s i s t a n c e t o b i l i t y , nium and cadmium. stance. Cadmium r e s i s t a n c e , o r p l a t i n g -leaning and -l e a n e r s , and a t h a t is a i n an i n d u s t r i a l znted a t DoD :ion of drag-out tnsing i u b s t i t u t ions.
I C a l i f o r n i a , 'ensacola Naval : t a l l a t i o n of a 'ts. Clean t h e may r i n s e , g a l l o n s p e r u r e was nk. Since t h i s t h e r i n s e w a t e r chromium and racking and i n t h e number of f contaminants i n s t a l l e d t o n v e r t t r i v a l e n t The the process but ig p r o c e s s ,arts a r e f i r s t rinsed i n a s t a t i c r i n s e tank and then "hosed o f f " with f r e s h w a t e r o v e r t h e s t a t i c r i n s e tank. SUMMARY I n d i v i d u a l i n s t a l l a t i o n s have had some s u c c e s s e s i n developing hazardous iJaste minimization technologies. Some technologies have been developed by t h e services while o t h e r s have been adaptions of c i v i l i a n i n d u s t r i a l techniques t o m i l i t a r y a p p l i c a t i o n s . of information on s u c c e s s f u l waste minimization technologies, although t h e r e i s an information network among production personnel t h a t promotes technology t r a n s f e r among f a c i l i t i e s and between t h e s e r v i c e s . e s t a b l i s h hazardous waste minimization programs and providing i n c e n t i v e s t o encourage t h e development and adoption of c o s t -e f f e c t i v e waste minimization technologies. committed t o support p r o j e c t s . Implementation is t h e r e s p o n s i b i l i t y of t h e individual s e r v i c e s . Address r e p r i n t r e q u e s t s to:
Andres T a l t s O f f i c e of A s s i s t a n t S e c r e t a r y of Defense (Environment) 3D833 Pentagon Washington, D.C. 20301
